Objective: Reliance on traditional vital signs (TVS), particularly in older patients, to identify life-threatening shock after injury may be unreliable. Shock index (SI), defined as heart rate divided by systolic blood pressure (SBP), may be a better indicator of early shock after injury than TVS. Multiplying age by SI (age ϫ SI) may be better in older injured patients. We hypothesized that age ϫ SI would be a better predictor of 48-hour mortality in old patients (age, Ͼ55 years) compared with TVS, whereas for young patients (age, Յ55 years), SI would be a better predictor than TVS. Methods: Version 8.1 of the National Trauma Data Bank was queried for incidents of blunt, non-neurologic injury occurring during 2007, to patients aged 18 to 81 years. Areas under the receiver operating characteristic curves (AUC) were compared for TVS, SI, and age ϫ SI in young and old patients for predicting 48-hour mortality. Results: A total of 189,574 incidents were identified. Overall 48-hour mortality was 1.18%. For young patients, there was no difference between SBP (AUC, 0.654) and SI (AUC, 0.655) for predicting 48-hour mortality. For old patients, age ϫ SI (AUC, 0.693) was a better predictor of 48-hour mortality compared with heart rate (AUC, 0.626; p Ͻ 0.0001), SBP (AUC, 0.657; p Ͻ 0.0002), or SI (AUC, 0.684; p Ͻ 0.008). Conclusion: TVS are inadequate predictors of shock after non-neurologic blunt injury. Using SI in the young and age ϫ SI in old to identify patients at risk for early mortality after blunt injury could result in earlier definitive treatment. Key Words: Vital signs, Shock, Elderly, National Trauma Data Bank, Shock index. (J Trauma. 2010;68: 1134 -1138 T he identification of those at risk for early death from hemorrhagic shock is of paramount importance to those caring for injured patients. Several scoring systems have been developed to help identify those likely to die as a result of their injuries, but many of these systems can be cumbersome to use in the initial minutes after injury because of the complexity of the calculations required. 1,2 Some systems rely on additional information from laboratory tests or specialized equipment that may not be readily available in the field or emergency department. 3,4 As a consequence, most physicians depend on the traditional vital signs (TVS), heart rate (HR), and systolic blood pressure (SBP) to identify those at risk for early death from hemorrhagic shock after injury. Recently, the reliability of TVS to accurately predict the presence of life-threatening hemorrhagic shock has been questioned by several authors. [5] [6] [7] The shock index (SI) is an alternative to TVS that could be useful in populations of patients at risk for early death from hemorrhagic shock. The SI, which is HR divided by SBP, is easily calculated at the bedside without the need for additional information or equipment. The SI is sensitive to acute changes in circulating blood volume and is useful in predicting the need for intervention in patients with ruptured ectopic pregnancies and in injured patients. 8 -11 Similar to the TVS, SI can underestimate the severity of underlying shock in older injured patients because older patients tend to have higher baseline SBP even after injury. This led our group to compare the ability of HR, SBP, SI, and age ϫ SI (a modification of SI that takes age into account) to predict early postinjury mortality. The single institution study found that SI was a better predictor of early postinjury mortality in patients aged Ͻ55 years compared with HR or SBP alone. In those aged 55 years and older, age ϫ SI was a better predictor of early postinjury mortality compared with HR, SBP, or SI alone. 12 The purpose of this study is to use the National Trauma Data Bank (NTDB) to determine the ability of SI and age ϫ SI to predict early mortality after blunt injury. We hypothesized that SI would be a better predictor of early postinjury mortality compared with HR or SBP in those aged 55 years and younger. We also hypothesized that age ϫ SI would be a better predictor of early postinjury mortality compared with SI, HR, or SBP in those aged Ͼ55 years.
T he identification of those at risk for early death from hemorrhagic shock is of paramount importance to those caring for injured patients. Several scoring systems have been developed to help identify those likely to die as a result of their injuries, but many of these systems can be cumbersome to use in the initial minutes after injury because of the complexity of the calculations required. 1,2 Some systems rely on additional information from laboratory tests or specialized equipment that may not be readily available in the field or emergency department. 3, 4 As a consequence, most physicians depend on the traditional vital signs (TVS), heart rate (HR), and systolic blood pressure (SBP) to identify those at risk for early death from hemorrhagic shock after injury. Recently, the reliability of TVS to accurately predict the presence of life-threatening hemorrhagic shock has been questioned by several authors. [5] [6] [7] The shock index (SI) is an alternative to TVS that could be useful in populations of patients at risk for early death from hemorrhagic shock. The SI, which is HR divided by SBP, is easily calculated at the bedside without the need for additional information or equipment. The SI is sensitive to acute changes in circulating blood volume and is useful in predicting the need for intervention in patients with ruptured ectopic pregnancies and in injured patients. 8 -11 Similar to the TVS, SI can underestimate the severity of underlying shock in older injured patients because older patients tend to have higher baseline SBP even after injury. This led our group to compare the ability of HR, SBP, SI, and age ϫ SI (a modification of SI that takes age into account) to predict early postinjury mortality. The single institution study found that SI was a better predictor of early postinjury mortality in patients aged Ͻ55 years compared with HR or SBP alone. In those aged 55 years and older, age ϫ SI was a better predictor of early postinjury mortality compared with HR, SBP, or SI alone. 12 The purpose of this study is to use the National Trauma Data Bank (NTDB) to determine the ability of SI and age ϫ SI to predict early mortality after blunt injury. We hypothesized that SI would be a better predictor of early postinjury mortality compared with HR or SBP in those aged 55 years and younger. We also hypothesized that age ϫ SI would be a better predictor of early postinjury mortality compared with SI, HR, or SBP in those aged Ͼ55 years.
METHODS

Study Population and Variable Definitions
Patients were identified retrospectively from the NTDB for 2007. To be eligible for the study, patients had to be admitted to a center that contributed data to the NTDB in 2007, they had to be between 18 years and 81 years of age, and they had to be a victim of blunt trauma. Patients with injuries that are well known to influence vital signs without the presence of hemorrhage were excluded. Therefore, patients with spinal cord injuries, identified by DRG International Classification of Diseases-9th Rev. codes and significant brain injuries, defined as head Abbreviated Injury Score Ն3 were excluded. Those who were Ͼ48 hours from the time of injury at the time of admission and those with missing values for admission HR or SBP were also excluded.
Patient demographics, injury mechanism and severity, admission vital signs, and time, date, and disposition at discharge were determined for all eligible patients. SI was calculated for all eligible patients by dividing admission HR in beats per minute by the admission SBP measured in millimeters of mercury. For example, a patient with a HR of 100 bpm and SBP of 130 mm Hg would have a SI of 100/30 ϭ 0.77. The age ϫ SI variable was determined by multiplying calculated SI by the patient's age. Deaths that occurred within 48 hours of admission were considered to be positive for the 48-hour mortality outcome.
Statistical Analysis
The areas under the receiver operating characteristic curves (AUC) were calculated to measure the ability of HR, SBP, SI, and age ϫ SI to predict the 48-hour mortality outcome. All continuous variables used in logistic regression analyses were tested for linearity by categorical analysis based on logical cutpoints before their use in ROC curve area determination. Areas under the curve were compared for admission HR, SBP, SI, and age ϫ SI for young (age, Յ55 years), old (age, Ͼ55 years), and all patients. Comparisons between AUC within each patient age group were carried out using a technique described by DeLong et al. 13 In brief, AUC are compared using a nonparametric approach based on the theory of generalized U statistics to generate an estimated covariance matrix. Comparisons were considered significantly different if p Ͻ 0.05.
Comparisons between the young and old patients were also carried out. Differences in continuous variables were tested using Student's t test and categorical variables were compared using 2 statistic. Significance was determined based on p Ͻ 0.05. SAS (version 9.2; SAS Institute, Cary, NC) was used for all statistical analyses. Continuous variables are reported as the mean Ϯ standard deviation. Areas under the curve are reported with 95% confidence intervals.
RESULTS
In 2007, 507,262 patients were admitted to centers that report to the NTDB. Of those, 317,688 were excluded because of suffering neurotrauma, a penetrating injury, not meeting the age requirements, because they were admitted Ͼ48 hours from the time of injury, or because they did not have complete vital sign information. Thus, 189,574 patients made up the study population. The mean age of the population was 44.9 years Ϯ 18.2 years. The majority of the population (64.8%) was male patients. The most frequent mechanism of injury was falls (34.8%), followed by motor vehicle crash (31.7%), other (9.8%), struck by, against (8.9%), motor cycle crash (8.1%), pedestrian struck (4.6%), and pedal cyclist (2.2%). The mean ISS was 7.6 Ϯ 7.5. The means for the TVS were 88.8 Ϯ 19.3 for HR and 137.9 Ϯ 24.9 for SBP. Mean SI was 0.67 Ϯ 0.56, and mean age ϫ SI was 29.4 Ϯ 23.8. The overall 48-hour mortality for the population was 1.2%.
By design, the average ages of the young and old patients were significantly different (35.4 years Ϯ 11.4 years vs. 68.0 years Ϯ 8.0 years). Men made up significantly more of the population of patients aged Յ55 years compared with those aged Ͼ55 years (71.0% vs. 49.5%). The most common mechanism of injury for patients aged Յ55 years was motor vehicle crash, whereas the most common mechanism for the older patients was falls. Although not clinically significant, the mean ISS was significantly higher in the young patients compared with those aged Ͼ55 years (7.7 Ϯ 7.9 vs. 7.5 Ϯ 6.6) ( Table 1) .
Regarding admission vital signs, old patients had significantly lower mean admission HR and higher mean admission SBP compared with young patients. Mean SI was significantly lower in old patients (0.61 Ϯ 0.47) compared with young patients (0.70 Ϯ 0.45). Not surprisingly, mean age ϫ SI variable was higher in old patients compared with young patients (41.5 Ϯ 32.9 vs. 24.4 Ϯ 16.5). Despite having lower admission HR and higher admission SBP, the older patients suffered significantly more early mortality (1.4%) compared with the younger patients (1.1%) ( Table 1) .
Because level of trauma center has been shown to be related to mortality, we examined the early mortality outcome in relation to trauma center level. Early mortality did vary by trauma center level. Levels I and II trauma centers had significantly higher early mortality (1.1% and 1.4%) compared with other levels III and IV centers (0.38% and 0.65%). However, patients who presented to level I trauma centers were more severely injured and presented with significantly lower SBP and higher SI compared with patients presenting at other level trauma centers.
The results of the AUC analysis revealed that admission SBP (AUC, 0.652), SI (0.657), and age ϫ SI (0.647) were better predictors of early mortality when compared with HR (AUC, 0.605). However, SI and age ϫ SI were not better at predicting early mortality when compared with SBP in the Table 4 ). Youden's index can be used to determine the cutpoints for continuous variables that maximize both specificity and sensitivity after AUC analysis. 14 For all patients when predicting 48-hour mortality, a cutpoint for SI of 0.88 produced a sensitivity of 43% and a specificity of 89%. A cutpoint for age ϫ SI of 39.3 yielded a sensitivity of 45% and a specificity of 81%. For SBP, a cutpoint of 113 mm Hg produced a sensitivity of 43% and specificity of 86%. For patients aged Յ55 years, a cutpoint of 0.89 for SI and a cutpoint of 35.6 for age ϫ SI produced similar sensitivities (88%) but different specificities (46% and 36%, respectively). For the patients aged Ͼ55 years, the population in which age ϫ SI was the best predictor of early mortality, a cutpoint of 48.8 produced a sensitivity of 55% and a specificity of 80% (Table 5 ).
DISCUSSION
The prevailing view when caring for injured patients is that TVS can be relied on to determine the degree of shock a patient is in at the time of presentation to the hospital. The presence of hypotension and tachycardia in bluntly injured patients drives treatment algorithms and is used for triage in many trauma centers. 15 However, the results of this study add to the mounting evidence that TVS are, overall, poor predictors of early postinjury mortality after blunt injury. In this review of the data available in the NTDB, for bluntly injured patients without significant neurotrauma, we found that the AUC for prediction of early postinjury mortality ranged from 0.605 for HR to 0.693 for age ϫ SI in the older patient population. However, it is useful to keep in mind that a useless test has an AUC of 0.5 and a relatively good test has an AUC of Ͼ0.9.
The past several years has seen the publication of numerous studies that demonstrate that the older injured patient has increased postinjury mortality compared with younger patients. 16 -19 This may be because older patients are less able to tolerate the increased physiologic burden induced by injury because of the presence of multiple comorbidities, medication effects, physiologic changes associated with aging, or all of these issues combined. Although, it is clear from this study and from several previously published studies that older injured patients present with higher SBP than younger patients, yet they suffer significantly higher postinjury mortality. We hypothesized that alternatives to using SBP alone in the older injured patient population may result in earlier recognition of physiologic derangements in these vulnerable patients.
SI may be better at predicting early postinjury mortality than SBP in older patients because SI is more sensitive to subtle changes in left ventricular mechanical function. Birkhahn et al. found that although no clinically significant changes were found in HR or SBP after blood donation, clinically significant increases in SI did occur after acute blood loss. The calculated SI increased from a mean of 0.61 (0.58 -0.64) before donation to a mean of 0.75 (0.70 -0.80) 5 minutes after donation. 8 Other authors have offered a potential mechanism for why SI may be more responsive to changes in blood volume than HR or SBP. Increases in SI have been associated with deterioration in left ventricular mechanical function. This decreased left ventricular mechanical function may arise after impaired oxygen delivery occurs but before the onset of hypotension and hemodynamic instability in critically ill patients. 20 -22 Because increasing age is associated with increasing postinjury mortality, predominantly after 55 years of age, we theorized that combining the ability of SI to detect subtle changes in left ventricular function with age would increase the ability of clinicians to detect older injured patients who might be at risk for early postinjury death who are not being recognized using TVS alone. In a single institution study, we demonstrated that age ϫ SI is a better predictor of early postinjury mortality compared with SI, SBP, or HR. Multiplying age by SI takes the fact that older injured persons have a higher baseline risk of death after injury and mathematically combines that information with the available physiologic data at the time of admission.
In this study, we did, in the strictest statistical sense, prove the hypothesis that age ϫ SI is a better predictor of early mortality compared with SBP and SI in the older, bluntly injured patient. However, the clinical relevance of the calculation needs to be determined. Several studies have questioned the usefulness of TVS to determine those at risk for early death after injury. Some have suggested increasing the cutpoint of SBP that defines hypotension to 110 mm Hg. In this study, SBP alone was a poor predictor of early mortality in young and old patients. Even when a cutpoint for SBP (113 mm Hg) that maximized sensitivity and specificity was examined the sensitivity was only 43% and the specificity was 86%. SI and age ϫ SI were only incrementally better than SBP at predicting early mortality using clinically relevant cutpoints.
Because SBP is a trailing indicator of decreased blood volume, several researchers are working on hardware and software systems to help determine when a patient is at risk for life-threatening hemorrhage. Some of these systems use a combination of sensors or changes in HR variability to determine when a person is in the early stages of hemorrhagic shock. [23] [24] [25] [26] The results of early studies are promising, but these systems are not widely available. Until they do become available, TVS will continue to be the main way that patients at risk for dying from hemorrhagic shock are identified. Although not ideal predictors of early mortality after injury, SI and age ϫ SI are incrementally better than SBP in the vulnerable older injured patients. The use of a higher cutpoint for SBP to define hypotension or the use of SI or age ϫ SI could help identify older patients who are at risk for early death and may allow for earlier lifesaving interventions.
However, the results of this study need to be viewed in light of some of its limitations. The study population was constrained to include only severe blunt injuries without significant neurotrauma. The study population made up only 37% of the NTDB, however, limiting the generalizability of the results. Patients with penetrating injuries were excluded because, relative to blunt injury, the anatomic location of the injury bears more weight than the presence or absence of hemodynamic stability when determining the course of treatment in the acute setting. In addition, vital signs were measured at only one time point. It is possible that the initial recorded vital signs were much different from those obtained in subsequent measures. The NTDB does not have data available regarding medications used by patients before admission. It is possible that some of the patients in the study population were on drugs that could influence HR and blood pressure such as ␤-blockers. The presence of these drugs could alter presenting vital signs, and the ability to adjust for this is desirable in future studies. There is also the possibility that missing data may have influenced the results. Because of the variability in the way vital signs are measured at various facilities, there is a possibility of measurement error being introduced. There has also been some suggestion that there is a difference in manual and automatic SBP readings.
CONCLUSIONS
In patients aged Ͼ55 years, age ϫ SI may be a better predictor of early postinjury mortality than TVS. Consideration should be given to modifying treatment algorithms for older patients based on age ϫ SI instead of SBP for determining the presence of hypotension. However, the main conclusion of this study is that TVS may be inadequate predictors of early postinjury mortality after non-neurologic blunt injury. This limits the effectiveness of measurements based on these data, such as SI and age ϫ SI, at predicting early mortality after injury. However, efforts at improving patient monitoring and at developing software and hardware for prediction of early postinjury mortality should continue, so that more robust systems based on other physiologic data can be developed.
